The establishment of appropriate taxonomic designations is essential for the effective management of fishery resources. Despite over a century of explorations and research, the cyprinid genus Tor represents a group of large-bodied freshwater fishes whose taxonomy and systematics remains poorly known. While five species of Tor are currently listed as "endangered" on the IUCN Red List, a further five out of 18 species currently recognized are assessed as "data deficient," with at least one undescribed species, believed to be on the brink of extinction (i.e., the Humpback Mahseer endemic to the Cauvery River in India). Tor mahseers represent a suitable model for the application of an integrated approach using morphology, genetics, and historical records to resolve species identities, where one or more of these fundamental approaches may have been deficient in the past. Focusing specifically on the taxonomy and nomenclature of the Tor species recorded from Peninsular Malaysia, one of the aims of this review is to define the identity of two nominal species, T. tambra and T. tambroides. Original descriptions of these two nominal species contain little or practically no characters to distinguish them, and partly explains why secondary literature fails to conclusively determine species boundaries. A phylogenetic analysis of mahseer specimens from this region, based on publicly available and newly sequenced mitochondrial COX1 genes, does not support species designation based on previously established morphological features. More importantly, multiple tree-based species delimitation approaches showed that previously sequenced T. tambroides from Peninsular Malaysia and the newly described Tor species from Vietnam could not be delimited from the topotypic Tor tambra. A wider investigation of mahseer taxonomy covering all of Southeast Asia, using such an integrated approach is recommended to resolve the ambiguous taxonomy and is of profound importance for the conservation and management of exploited and farmed populations of these highly valued and iconic fish.
Introduction
Freshwater fishes commonly known as "mahseer" (Cypriniformes: Cyprinidae) belong to five genera, Folifer, Naziritor, Neolissochilus, Parator, and Tor (Kottelat, 2013; Eschmeyer, 2015; Froese and Pauly, 2015) ; though fishes of the genus Tor are widely recognized as being the "true mahseer" (Nguyen et al., 2008) . These fishes are widely distributed throughout Asia in the rivers of Afghanistan, Pakistan, India, Sri Lanka, Nepal, Bhutan, Myanmar, Thailand, China, Laos, Cambodia, Vietnam, Indonesia, and Malaysia (Ng, 2004; Nguyen et al., 2008 ; see supplemental Appendix 1). They are popular icons of economic and recreational interest in many of these countries and are generally of conservation concern due to anthropogenic threats including degradation, fragmentation and loss of habitats, and overfishing (Raghavan et al., 2011; Pinder and Raghavan, 2013; Pinder et al., 2015a; Pinder et al., 2015b) . Despite their socioeconomic importance and conservation-concern, mahseer comprises a poorly known and documented group of riverine fish with severe knowledge gaps regarding aspects of their taxonomy, population, and biology (see Pinder and Raghavan 2013; Pinder et al. 2015b) .
Diversity of mahseers is highest in the Southeast (SE) Asian region, especially in the Indo-Burma and the Sundaland biodiversity hotspots. Ten valid species of Tor, viz., T. ater, T. dongnaiensis, T. hemispinus, T. laterivittatus, T. mekongensis, T. polylepis, T. sinensis, T. tambra, T. tambroides, and T. yingjiangensis are reported to occur in this region (Kottelat, 2013; Ho ang et al., 2015) of which five are assessed as "data deficient" on the IUCN Red List of Threatened Species TM (IUCN, 2015) . The confusing and contrasting evidence on species boundaries presented by different authors, and exacerbated by the absence of voucher specimens for most records continues to constrain the validity and value of any biological and demographic studies carried out on these fishes (see supplemental Appendix 2). As a group, mahseer also exhibit considerable intraspecific morphological variation, phenotypic plasticity, trophic polymorphism, and sexual dimorphism, but the degree to which each of these processes contributes to the observed diversity of morphologies is yet to be defined.
Mahseer (Tor spp.) of Peninsular Malaysia
Tor species represent the region's most important group of freshwater fishes in terms of culture and livelihoods, but also the least understood from a scientific viewpoint. Five species names, viz., douronensis, soro, soroides, tambra, and tambroides have been continuously referred to in the literature dealing with mahseers of Peninsular Malaysia (PM) (e.g., Bishop, 1973; Mohsin and Ambak, 1983; Ng, 2004; Ambak et al., 2012; Kottelat, 2013) of which "soroides" and "soro" have recently been assigned to the genus Neolissochilus (see Khaironizam et al., 2015) .
Current knowledge (sensu Kottelat, 2013) indicates the presence of only two species of Tor in PM, one with a short median lobe (fleshy projection on the lower jaw), rounded snout and thin lips, currently classified as T. tambra and one with a long median lobe, pointed snout and thick lips currently classified as T. tambroides. Another nominal species, T. dourenensis has also been reported in East Malaysia (Malaysian Borneo) (Kottelat, 2013) . The range of T. tambra and T. tambroides is reported to extend throughout SE Asia (Java, Sumatra, Malaysia, Thailand, Cambodia, Laos, Myanmar, and Vietnam) and so the validity of the nomenclature of these species in PM is of wider spatial relevance throughout the region. As the designation of these, fish as separate species is still up for debate, they are referred hereafter as two "morphotypes"; long lobe and short lobe.
The identity of mahseers in Peninsular Malaysia and the uncertainty in literature
The original descriptions of T. tambra, T. tambroides, and T. douronensis were based on specimens collected from Indonesia (Cuvier and Valenciennes, 1842; Bleeker, 1854;  refer to supplemental Appendix 2) (see Figure 1) . The type locality of T. tambroides is Sumatra: Padang, Figure 1 . Map of Southeast Asia highlighting the type locations of significant mahseer species in Sumatra (Su) and Java (Ja) and their proximity to peninsular Malaysia (PM), Malaysian Borneo (MB), Thailand (Th), Myanmar (My), Cambodia (Ca), and Vietnam (Vi). The numbers in parenthesis refer to the species first described from these locations 1 D Tor tambra, 2 D Tor douronensis, 3 D Neolissochilus soro, and 4 D Tor tambroides. The shaded area between landmasses represents the Sunda shelf c. 21 ka BP adapted from Sathiamurthy and Voris (2006) . Paja kombo, Solok, Lake Maninjau/Java; and that of T. tambra and T. douronensis is Java: Bogor (see Kottelat, 2013) . The proliferation of nominal names of Tor from Indonesia is attributed (by Roberts, 1993) to the work of Valenciennes (in Cuvier and Valenciennes, 1842) , who described T. tambra and T. douronensis, and Bleeker (1854; 1863) , who recognized all of Valenciennes' Tor species and added one more, T. tambroides. These names were subsequently recognized (without any detailed studies) and uncritically used in the literature pertaining to freshwater fishes of mainland SE Asia, thus propagating unreliable information over long periods of time. Further, the original descriptions of the three Tor species from Indonesia are vague and ambiguous, increasing the likelihood of misidentification (see supplemental Appendix 2 for translation of the original descriptions).
Assuming that the distribution of the three nominal species of Indonesian Tor extends across the Sunda shelf, and that those populations have not been influenced by geographical isolation (as is currently assumed by most authors), the morphological and genetic evidence for the taxonomic distinction between the three species of Tor currently valid in Java/Sumatra needs to be firmly established before attempting to validate the nomenclature of the specimens throughout mainland SE Asia.
The data-poor nature of previous descriptions makes it difficult to define standard diagnostic characters from which to distinguish differences in Indonesian Tor species, and this may be exacerbated by the mix of languages used in their description, and the subjective nature of translations. The description of T. tambra and T. douronensis by Valenciennes (in Cuvier and Valenciennes, 1842) provides some subtle morphological characters to distinguish the two species including the presence of pointed anal fins (T. douronensis) vs. rounded (T. tambra), however fails to provide further consistent comparisons to reliably distinguish between species. For instance, while the pelvic fins of T. tambra are reported to be small, no comparative description was provided for T. douronensis. Interestingly, there is no mention of the median lobe for any species in the descriptions by Valencinnes (in Cuvier and Valenciennes, 1842) . Bleeker (1854) only mentions lobe size in T. tambroides, stating "the lower (lip) extending into a wide fleshy projecting lobe" but does not offer this statement in a comparative context with other fish. In his accompanying notes, he adds "it is variable with age" but does not imply that T. tambroides has a larger lobe than T. tambra which is currently used as a diagnostic character (e.g., Mohsin and Ambak, 1983; Kottlelat, 2001; Ho ang et al., 2015) . It is only in his later descriptions of Bleeker, (1863) (see supplemental Appendix 2) that the lobes are mentioned and used in the key to distinguish the three species. Using the lobe to differentiate the various species of Tor therefore seems to be the invention of Bleeker (1863) and subsequently followed by others.
Despite several recent records of T. tambroides, T. tambra, and T. douronensis (see Froese and Pauly, 2015) , these are largely based on material from the Mekong and are unlikely to be non-specific to the fish from Indonesia. Accordingly, no attempt has been made to draw conclusions on taxonomic validity from comparisons of these descriptions. Despite the growing literature focused on mahseer, evidence to determine whether the topotypic specimens from Indonesia are genotypically and phenotypically similar to Tor species currently recognized in PM, remains unresolved. Indeed, many authors have failed to acknowledge the Indonesian origin of descriptions, often referring to T. tambroides as the "Malaysian" or "Thai" Mahseer, and thus overlooking the importance of acquiring Indonesian voucher specimens (e.g., Kunlapapuk and Kulabtong, 2011; Esa and Rahim, 2013; Norfatimah et al., 2014; Ho ang et al., 2015) .
Whilst there is a large body of secondary literature on the morphology of recently collected specimens, reference to original descriptions/museum specimens and supporting genetic analysis is typically lacking. One exception is Roberts (1993) who carried out considerable work to compare the morphology of Malaysian specimens with type materials, but unfortunately little data were reported. After re-examining Indonesian specimens, including the holotype of T. tambra and T. douronensis, Roberts (1993) concluded that Java may only have one Tor species, i.e., T. tambra and that this is probably the case on the peninsula as well, explaining that differences in the length of the median lobe on the lower jaw were attributed to the state of preservation or to individual variation. Nevertheless, he cautions that this review was hindered by a lack of fresh specimens of adult and juvenile Tor from Java (the type locality), and thus any information on their coloration. In addition, type material of T. tambroides was not thoroughly investigated as the vertebrae and gill raker counts were not obtained from the Bleeker material.
Although an examination of topotypic Javan Tor kept at the Musuem Zoological Bogoriense' Research Center for Biology, Bogor, Indonesia, revealed observable differences in the morphology of Tor specimens (see Haryono and Tjakrawidjaja, 2006 and Figure 2 ), Roberts (1993; 1999) argues that differences in the body shape of Javan specimens represents intraspecific variation and is not adequate to differentiate these fish into separate species. Kottelat (2013) also was "not able to see real differences in the descriptions of T. douronensis and T. tambra" by either Valenciennes (in Cuvier and Valenciennes, 1842), or Bleeker (1854) and so tentatively followed the synonymy of the species suggested by Roberts (1993; 1999) .
Though Valenciennes (in Cuvier and Valenciennes, 1842) does not present sufficient evidence in isolation, to differentiate the species, the information subsequently provided by Bleeker (1854) and Weber and de Beaufort (1916) does provide more substantial evidence for the practical differentiation between Javan Tor species (see supplemental Appendix 2).
The efficacy of mouth structure as a diagnostic taxonomic feature in mahseer species An observed dichotomy in mouth structures in Tor; namely, a short median lobe associated with relatively thin lips and blunt head shape, and long median lobe associated with thicker lips and more pointed head shape, has been widely observed in T. tambra (Roberts and Khaironizam, 2008) , in T. putitora (Macdonald, 1948; Laskar et al., 2013) and T. khudree (A. Pinder pers obs.). Although widely used to differentiate SE Asian species (e.g., Mohsin and Ambak, 1983; Kottlelat, 2001; Ho ang et al., 2015) these features are hypothesized to represent polymorphism, wherein two or more clearly different phenotypes exist in the same population of a species (in other words, the occurrence of more than one "form" or "morph") but this is yet to be conclusively verified both in Tor and its allied genus Neolissochilus. Roberts and Khaironizam (2008) and recently Khaironizam et al. (2015) hypothesize the variation in mouth structures in Tor to trophic polymorphism, i.e., feeding adaptation. Unfortunately, these were largely based on observations of a seemingly polymorphic population of a species of Neolissochilus (N. soroides) in Sungai Gombak, Selangor (Roberts and Khaironizam, 2008; Khaironizam et al., 2015) and not from a species of Tor.
The exact mechanism or purpose of the mouth structures displayed in mahseer fishes is still unclear. The function of the lobe in feeding has not been observed, but comparative studies of the diets of N. sorodies morphotypes with "Tor" like mouths and "Lissochilus" type mouths have demonstrated differences in stomach content composition suggesting efficiency of feeding on certain food items is increased by alternative mouth structures (Roberts and Khaironizam, 2008) . The stomach content compositions of morphotypes with "Tor" like mouths and "Neolissochilus" type mouths (no lobe, thin lips) were similar however, suggesting how the food items are obtained may be more important than what is obtained in explaining the evolutionary advantage of these structures. It must be noted no statistical test was carried out to support the comparisons in Roberts and Khaironizam (2008) .
Trophic polymorphism can be genetically predetermined (genetic polymorphism) or ecophenotypic, i.e., environmentally induced plasticity (polyphenism). Ecophenotypic changes in coloration have been suggested and anecdotally reported in SE Asian Tor held in captivity (Kottelat et al., 1993) . Further Siraj et al. (2007) was unable to find a genetic basis for the color variants of Tor in Malaysia, thus suggesting environmental factors (e.g., diet, water quality) may induce color variation. Whilst Siraj et al. (2007) provided some evidence for ecophenotypic variation in coloration in SE Asian Tor there is currently no formal evidence to suggest that polymorphism of the lips and median lobe (the mouth structures that currently differentiate Tor species within Malaysia) within mahseers result from direct environmental influences (Roberts and Khaironizam, 2008) . Additionally, Roberts and Khaironizam (2008) reported that four groups of juvenile Tor-like N. soroides morphotypes with different mouth structures kept under different environmental conditions for a period of 66 days showed no change in the structure of their mouthparts. The documented evidence for polyphenism is therefore deficient.
The duration of the previously tested study period may not however be sufficient for such changes to be observed as "phenotypic" in wild Malaysian Tor kept in holding tanks for a period of >2 years have been observed (S. E. Walton pers. comm.). Fish from the River Tembat, Terengganu, were observed to lose their red color, turning silver and the lobe and lips noticeably reduced in size whilst in captivity but evidence of the observed polymorphism being trophic in nature (i.e., associated with feeding) remains deficient.
The assumption of a genetically homogeneous population across SE Asia, a vital condition for the validity of trophic polymorphism as an explanation of the observed diversity in the genus Tor has up till now not been tested and no previous attempts have been made to investigate intraspecific genetic polymorphism as a mechanism for generating observed morphological differences. Whilst Esa et al. (2008) and Nguyen et al. (2006) found their "tambroides" morphotype material had a low genetic diversity based on mitochondrial genes, their samples excluded other morphotypes, e.g., short lobe material. Therefore, the low genetic diversity observed could just be a reflection of selective sampling and cannot be used as evidence of a monophyletic polymorphic population.
As a proxy for genetic information, Roberts and Khaironizam (2008) use morphometric and meristic data to illustrate the general similarities between
suspected Neolissochilus morphotypes to demonstrate that the population is monophyletic; however, these data were not assessed statistically. An ordination technique such as principal components analysis (PCA) or discriminant analysis of such data may detect groupings within these morphotypes, indicating speciation as opposed to polymorphism. Recently, Khaironizam et al. (2015) addressed this deficiency, where a PCA carried out on morphometric data from the Gombak population demonstrated no separation of clusters between morphotypes, suggesting a monophyletic population exhibiting polymorphism, but addition of these data should be treated with caution and confirmed with genetic techniques.
In order for a population to be classified as polymorphic, morphs must occupy the same habitat at the same time and belong to a panmictic population (individuals exhibit random mating). Although morphotypes were reportedly sympatric in Roberts and Khaironizam (2008) , the study, based purely on collected specimens (no controlled experimental observations of phenotypic changes under variable treatments) did not determine mating behavior in Tor and genetic isolation through sexual or habitat selection may occur in natural populations. Polymorphism in closely related progeny from conspecific parents has recently been observed in a captive population of T. tambra (Figures 3 a, b) suggesting random mating between morphologically similar individuals can result in morphologically heterogeneous offspring.
Following examination of Tor specimens exhibiting variable lobe sizes from across mainland SE Asia, Roberts (1999) concluded "No characters were found which would distinguish a species with thickened lips and a long mental lobe from one with more normal lips and a short lobe," and that these differences arise from individual variation or polymorphism. There is doubt as to whether observed morphs fall into two distinct groups (short lobe vs. long lobe) or whether morphological variation in the mouth structure displays continuous variation across a spectrum of morphologies. Indeed, specimens with intermediate lobe/lip sizes have been observed in T. tambra (S. E. Walton pers. comm.) and in T. khudree (A. Pinder, unpublished data). There is also doubt surrounding the conditions that may induce morphological variation in the mouthparts of Tor. Nevertheless, regardless of the function of the lobe, it is apparent that lobe size and shape is not a reliable diagnostic feature with which to identify SE Asian Tor to species level.
What the mitochondrial COX1 gene tells us
If the geographical isolation between mainland SE Asian and Indonesian Tor populations has resulted in the accumulation of significant genetic and/or morphological differences, the taxonomy of Tor species in both Indonesia and SE Asia should be revised. Therefore, to explore the differences (or similarities) between mainland SE Asian and Indonesian Tor specimens, genetic data (mitochondrial COX1 gene sequences) available from previous studies were collated and analyzed along with additional sequences generated from Tor material collected by the first author.
The majority of genetic information of Indonesian Tor involves only the 5 0 end of the mitochondrial COX1 gene (standard, highest representation in BOLD database » 650 bp) (Wibowo et al., 2013) , but unfortunately, Esa et al. (2008) sequenced the 3 0 end of the COX1 gene (non-standard »400 bp or less) for Malaysian specimens thus impeding direct genetic comparison between mainland and topotypic material. Nguyen et al. (2007; in their work on the phylogeographic patterns of mahseers in continental Asia did not use COX1 at all, opting for multi-locus analysis consisting of 16S rRNA, CYTB, ATP6, and ATP8 genes instead. Therefore, overlapping sequences are currently only available for fish with a complete mitogenome sequence. Recently, Norfatimah et al. (2014) reported the complete mitogenome of a specimen referred to as "T. tambroides" from Malaysia. Since, no morphological information was reported by the author of the Sumatran sequences (Genbank No.: KC905001-KC905024) (Wibowo et al., 2013) , a re-examination of the "T. tambroides" specimens, available at the museum of the Institute of Inland Fisheries' in Palembang, Indonesia revealed a mix of long-lobe and shortlobe morphotypes (see supplemental Appendix 3).
A phylogenetic tree based on the alignable region of the COX1 gene (5 0 end) was constructed using the sequence by Norfatimah et al. (2014) , alongside a sequence reported as "T. tambroides" by Yang et al. (2010) , several SE Asian Tor spp. (including the recently described T. mekongensis and T. dongnaiensis from Vietnam) sequences deposited in Genbank, and 21 additional new sequences consisting of one short-lobe Tor morphotype, eight long-lobe Tor morphotype, three Neolissochilus specimens from PM, and nine Tor specimens from Java. The constructed Bayesian inference-based posterior consensus tree (maximum discrepancy of 0.09 observed across all bipartitions, <0.1 indicates a good run) demonstrated a clear separation between specimens originating from different localities albeit with low posterior probability in some nodes (Figure 4) . Notably, the newly sequenced Tor samples collected from both Java and Malaysia formed a monophyletic group with the recently described T. mekongensis, T. dongnaiensis, and East Malaysian T. tambroides (Norfatimah et al., 2014) with high (>0.9) node support. Considerable genetic separation exists between T. tambroides from West Sumatra and the potentially erroneously identified T. tambroides in Malaysia thus rendering the value of conclusions drawn from many previous works questionable. The whole mitogenome of the fish reported as "T. tambroides" by Norfatimah et al. . Phylogeny of Tor and Neolissochilus species based on Phylobayes Bayesian inference. The tree was rooted using Neolissochilus spp. sequences as outgroup. Four independent MCMC chains were run on the trimmed COX1 alignment with the CAT-GTR model for a total of 10,000 generations for each chain. Ten percent of the initial trees were discarded as burn-in and the remaining trees were used to construct a majority-rule consensus tree. Values at nodes represent posterior probability values. PHG and TRG refer to the sampling locations Pahang and Terengganu, Peninsular Malaysia, respectively. LL indicates a long lobe and SL indicates a short lobe. Stacked bars next to the Tor spp. branch tips are the result of species delimitation analyses using maximum likelihood(ML)/Bayesian(b) Poisson tree processes (PTP) (Zhang et al., 2013) and generalized mixed Yule coalescent (GMYC) (Pons et al., 2006, Reid and Carstens, 2012) whereby each bar indicates a primary species hypothesis partition.
(2014) is clearly genetically different to the fish collected from the type locality and should be taxonomically reassigned as T. tambra (Figure 4 ). In addition, Yang et al. (2010) reported a voucher specimen of T. tambroides but unfortunately provide no information on its collection location. Interestingly, this specimen is a sister taxon to the newly sequenced Tor specimens, casting doubt on its taxonomic assignment as T. tambroides. Ho ang et al. (2015) compared the genetic similarity of the COX1 sequence from a Tor specimen collected from Vietnam with that of a specimen presumed to be T. tambra from Malaysian Borneo (T. douronensis voucher DOFS_MB7 in Figure 4) . The authors concluded that their specimen represented a cryptic species of T. tambra based on genetic differences. Nevertheless specimens collected from Malaysian Borneo are not representative of T. tambra (Figure 4) and on the contrary, may represent a new Tor species based on the phylogenetic results provided in Figure 4 . Given the monophyletic clustering of T. mekongensis and T. dongnaiensis with various T. tambra, in addition to their classification as the same species (T. tambra) by both Poisson tree processes and generalized mixed Yule coalescent approaches, the validity of T. mekongensis and T. dongnaiensis (Ho ang et al., 2015) is questionable and requires further confirmation. Importantly, this exemplifies the importance of using topotypes as comparative materials during new species descriptions, and the improper designation of Tor "voucher" specimens in past studies has likely added to the confusion of Tor phylogeny in SE Asia.
Whilst West Sumatra (Padang) is recognized as the type locality for T. tambroides, studies would benefit from the inclusion of more varied material from Java (the Bogor area in particular) as this area is also stated as a type locality for T. tambroides; as well as the species described by Valenciennes (in Cuvier and Valenciennes, 1842), i.e., T. tambra and T. douronensis. The species delineation of T. tambroides from Tarusan River, West Sumatra, into two distinct groups suggests that one of the clades may in fact represent the previously described T. tambra, T. douronensis or an undescribed species, warranting future taxonomic investigation. Inclusion of type material of all species/morphotypes from this area would eliminate the possibility of misidentification of cryptic species as a potential cause of the clustering observed here. Misidentification of specimens was apparent in the Sumatran sequences as some specimens identified as T. tambroides were found to have short lobes and a mix of characteristics described in other Tor species (see supplemental Appendix 3). For the purposes of demonstrating biogeographic differences; however, this mixed material strengthens the case for real differences between Malaysian and Sumatran fishes as it can be confirmed that all described morphotypes in both locations were represented in the phylogenetic analyses (see Figure 4 ) and variation was found to be geographically dependent.
In addition to the biogeographical significance of the findings displayed in Figure 4 , the clustering of samples of "Tor tambra TRG3 LL" (long lobe) and "Tor tambra TRG4 SL" (short lobe) reveals that these two individuals displaying different morphological traits (lobe lengths and head shapes) are likely to belong to the same species, adding weight to the redundancy of lobe size as a diagnostic feature for species classification within this group of fishes ( Figure 5 ). That said, future phylogenetic studies involving a larger sample of long lobe and short lobe T. tambra specimens will be required to strengthen this assertion.
The potential confounding effect of fish translocation on taxonomic designations in SE Asian Tor species was first recognized by Bleeker (1863) . While discussing the similarity of Neolissochilus soro to the Indian species Tor putitora (Hamilton 1822) Bleeker (1863) states: "The distinction with which this species (Labeobarbus soro D currently Neolissochilus soro) was treated and still is treated by the Javanese and especially by the distinguished Javanese, does not make it entirely improbable that in the Hindu age of Java this species was brought here from Hindustan, whereas is also must be mentioned that this species also is found in the east of China." Although great care was taken to ensure that the newly added samples in the phylogenetic analysis were adequately typical of their type localities, including substantial investigation to determine they were not directly translocated, it cannot be confirmed that historical translocation does not influence the results reported in this article and in the results reported by previous workers. Fish may have been released into rivers outside their natural range a considerable time ago.
A critical assessment of taxonomic papers relating to Tor from Malaysia Esa et al.'s (2008) work enables the distinction between a "T. tambroides" morphotype and a fish referred to as T. dourenensis (this fish needs to be reclassified as it is now only recognized in Indonesia (Kottelat, 2013) , leading the authors to conclude that these are separate species. The taxonomic description of T. tambroides was however, not included in Esa et al.'s (2008) study and the authors assumption that T. tambroides is the most common species/morphotype in PM is in direct contrast to observations of long lobe type/short lobe type abundance ratios made by other researchers, i.e., »1/20 (A. Ahmad pers. comm.). Based on variations in both mitochondrial COX1 and 16S rRNA genes, the authors concluded that populations of what was described as T. tambroides possess a low genetic diversity (Esa et al., 2008) . These findings are however in doubt as the lack of consideration of lobe lengths and taxonomic description suggests that the authors may have excluded one or more possible morphotypes from their samples.
In addition, whilst Nguyen et al. (2008) performed a relatively comprehensive investigation into the phylogeny and biogeography of Asian mahseer species, the samples of Malaysian Tor species used in this study were reported as T. tambroides, having a long median lobe. The short lobe morphotype which is also found in Malaysian rivers, often referred to as T. tambra was not considered in this study. The authors state "Sequences reported herein are from specimens that have a long median lobe, and include samples from Pahang river system (TTA06 and TTA09), indicating that T. tambroides is a valid species although Roberts (1999) suggested it might be a junior synonym of T. tambra (Valenciennes, 1842) ." It is not clear how this conclusion validates the species.
Although Roberts (1999) does indeed suggest that T. tambroides may be the same species as T. tambra, the morphological evidence from the Pahang Tor populations that he presented suggests otherwise (Figure 6 ). The author made no mention of the apparent morphological differences of the two species in the Pahang populations, but instead drew conclusions based on his findings from the Mekong River system: "The problem, however, is that often the only difference between smaller specimens [of tambra and tambroides] from a given Malaysian or Indonesian locality seems to be in the length of the mental lobe, which often varies continuously. Differences that distinguish the two large-scaled Mekong species -coloration of juveniles and adults and vertebral counts -either do not distinguish them or have not been discovered. All Malaysian and Indonesian specimens of which I have seen radiographs have total vertebrae of 39-41." Gill raker counts were apparently not considered to be a difference that distinguishes the two species in this case, without any explanation. This leads to a possibly flawed conclusion that only confuses the classification of Malaysian Tor.
The evidence of differences in gill-raker counts is enough to designate "tambroides" and "tambra" morphotypes as separate species, at least in Pahang; however, the distinction of these two species should be confirmed by detailed genetic analysis. This has not yet been performed as authors have excluded short lobe morphotypes from their samples in phylogenetic studies or failed to adequately describe voucher material on which identifications could be confirmed. In light of our current understanding, the fish described in Roberts (1999) as T. tambra could be a fish known locally as "Kelah Kejor" or what Roberts and Khaironizam (2008) later describe as a Tor like morph of Neolissochilus, explaining the apparent interspecific variation. Upon examination of fresh Mahseer material in Pahang, there appears to be two distinct species or morphotypes (Figure 7 ). This dimorphism, clearly evidenced by differences in colouration, may not have been observable in preserved specimens. The fish referred to as "Kelah Kejor" in the Pahang river (Figure 7 ) was found to have a lower average gill-raker count than sympatric long-lobed Tor caught from the same area (16.5 vs. 18.5); however, none of the long-lobed Tor caught in this sample demonstrated the high gill-raker count reported by Roberts (1999) . Kelah Kejor which was recorded as distinct from "Tengas" (i.e., N. soroides) by local fisherman has been referred to as Neolissochilus hexagonolepsis (McClelland 1839) in the literature (e.g., Ambak and Jalal, 2006; Esa et al., 2007) , but this was dismissed as a misidentification by Zakaria-Ismail (1989) and recently by Khaironizam et al. (2015) . COX1 gene sequence comparisons of this fish with a specimen of N. soroides collected from Terengganu (Neolissochilus cf. soroides TRG2) demonstrated they were very closely related (Figure 4 ). Both N. soroides samples clustered separately from all N. hexagonolepsis in the generated phylogenetic tree (Figure 4) confirming the latter as a misidentification in PM. The local names "kelah kejor" and "tengas" are therefore synonymous, both referring to N. soroides.
Apart from the apparent dimorphism in specimens from Pahang, overlooked by Roberts (1999) , there is currently little formal evidence of the presence of multiple species of Tor in PM; and T. tambra is suspected to be the only species present. Interestingly, Esa and Rahim (2013) demonstrated the existence of a unique haplotype, in the Endau Rompin area, that could represent a cryptic lineage. This fish needs to be compared with material from the type localities of known species in Indonesia in order to confirm its correct identity.
Conclusions
Disentangling the taxonomic and systematic status of mahseers is essential for the conservation of these charismatic fishes, which are subjected to increasing anthropogenic pressures. Accurate and comparable genetic information is vital to determine evolutionary significant units and subsequently enable the designation of appropriate nomenclature allowing workers to better estimate the status of populations or management units and assign proper conservation and management measures to protect species that may be at risk.
The evidence presented in this review demonstrates long-lobe and short-lobe morphotypes from the same population in Malaysia are likely to represent individuals from the same species. Clustering in the phylogenetic tree, alongside observations of phenotypic differences observed in closely related individuals in both Malaysia and Indonesia point to polymorphism as a key explanation of the described morphological differences within SE Asian Tor populations. It must be noted that whilst current findings suggest that polymorphism is a valid explanation of the observed intrapopulation phenotypic diversity in Malaysia, it is likely that speciation also plays a part in interpopulation phenotypic diversity observed on a larger scale throughout mainland SE Asia.
Tor tambra from Java displays remarkable similarity (in terms of genotype and phenotype) to Malaysian specimens previously described as T. tambroides. In considering this evidence and the opinions of previous workers (e.g., Roberts, 1993; Kottelat, 2013 ) the species present in Malaysia, previously classified as T. tambroides is considered to be T. tambra and T. tambra alone (unless/until distinct lineages can be formally identified). It is nevertheless premature to conclude that T. tambra and T. tambroides are synonymous as despite morphological similarities, topotypic T. tambroides specimens from Sumatra appear to form a monophyletic group, distinct from T. tambra and material from Borneo.
As the commercial culture of mahseer species expands in SE Asia, the risk of genetic contamination, gene pool dilution and disruption of locally adapted populations will also become elevated if taxonomic issues are not resolved and genetic identification of stocks not properly considered. This may eventually lead to the extinction of native stocks. Only through an integrated taxonomic approach using a combination of representative sampling, morphological, osteological, and molecular analysis, can it be conclusively established whether the species currently considered valid in the region, are representative of type material and genetically distinct enough from each other to be classified as multiple species; or should be reclassified as one (or more) morphologically diverse species. To fully understand the phylogeny and biogeography of SE Asian Tor species, a comprehensive investigation is necessary with the following revisions and extensions to previous investigations.
(1) Samples must include Indonesian material, specifically the T. tambra type material from Java: Buitzenzorg (Bogor) and T. tambroides type material from Sumatra: Padang, Pajakombo, Solok, Lake Maninjau/Java: Tjampea, Buitenzorg (Bogor), Tjipanas. (2) Polymorphism within the mahseers of PM should be tested by including a range of suspected morphotypes of N. soroides and Tor spp. An extension to the work initiated by Roberts and Khaironizam (2008) with the inclusion of a population genetics study of N. soroides in Sungai Gombak would confirm the extent of polymorphism-generated diversity in this species. (3) Sampling from sites in PM is to include a range of specimens of both T. tambroides (thick lips and long median lobes and sharp or pointed heads) and T. tambra (thin lips and short lobes with blunt or rounded heads) morphotypes distinguished by classical taxonomic methods so as to be sure that no morphotype is excluded as in previous studies. (4) A comprehensive selection of specimens to be collected from the geographical extent of the reported range of T. tambra and T. tambroides and sympatric species. (5) Morphological description of all specimens is to be included in the results, including those of the genetic analysis. (6) Although mitochondrial COX1 gene sequences have been used to differentiate Northeastern Indian Tor species (Laskar et al., 2013) and SE Asian Tor species (Ho ang et al., 2015) previously, a range of mitochondrial and nuclear genes, e.g., COX1, CYTB, and rag1 may be required to establish accurate grouping when dealing with large phylogenies from the genus Tor, as they are known to hybridize (R. Raghavan pers. Comm). This review provides the first robust evidence for the correct classification of mahseer species in Malaysia, which has significance to the identification of this iconic group of fishes across the drainages in SE Asia. The indication that PM, Sumatra, and Borneo have genetically distinct stocks of morphologically similar species requires appropriate restrictions on fish movements be introduced, and exploitation be regulated so as to protect the observed diversity within the Tor species of this region.
